(1) To analyze the sensitivity and specificity of fine-needle aspiration (FNA) in distinguishing benign from malignant parotid disease. (2) To determine the anticipated posttest probability of malignancy and probability of nondiagnostic and indeterminate cytology with parotid FNA.
S alivary gland tumors make up 3% of all head and neck tumors. Of these, approximately 85% originate in the parotid gland, 1, 2 and the majority of these tumors are benign. 3, 4 To definitively diagnose a tumor as benign or malignant, parotidectomy can be performed with histopathologic examination. However, parotidectomy is associated with a risk of injury to the facial nerve, along with additional potential surgical complications. A less invasive initial method of diagnosis is therefore often preferred, as surgery may be avoided if the tumor is benign on the basis of cytology.
Fine-needle aspiration (FNA) has become a commonly performed diagnostic test in the initial evaluation of a parotid mass. The advantage of this technique is that it can be performed in the outpatient setting with minimal recovery time and low risk of complications. A potential disadvantage is that it has been associated with variable sensitivity and specificity in distinguishing malignant from benign disease. Furthermore, high rates of nondiagnostic aspirations have been reported in the literature. 5 An open excisional biopsy is one theoretical option but is not advised because of the risk of tumor spillage, facial nerve injury, scarring, and fistula formation. 6 As such, it has largely been abandoned as a primary means of diagnosing parotid masses. More recently, ultrasound-guided core biopsies (USCBs) have been described as a third option. [7] [8] [9] [10] [11] The use of largebore needles in core biopsies, however, has been associated with tumor seeding along the needle tract in some reports, [12] [13] [14] again making FNA a more attractive option.
Given the ongoing significant role of this diagnostic test, our objective was to perform a systematic review and metaanalysis of the utility of FNA in distinguishing between benign and malignant parotid gland masses. Specifically, we analyzed the sensitivity and specificity of parotid FNA, its anticipated posttest probability of malignancy, and the probability of nondiagnostic and indeterminate cytology.
Methods

Search Strategy and Study Selection
In accordance with PRISMA guidelines (Preferred Reporting Items for Systematic Reviews and Meta-analyses), a systematic search was performed independently by 2 reviewers (C.C.L., A.R.J.). The PubMed and Embase databases were searched with the Medical Subject Headings terms parotid mass, parotid nodule, parotid tumor, and parotid gland. The result from this search was then crosssearched with the Medical Subject Headings terms biopsy and fine needle. The Cochrane Central Register of Controlled Trials database was searched with parotid and fine needle as well as parotid and biopsy. Studies were limited to those published in the English language, on human subjects, and in the last 50 years (January 1, 1964, to November 1, 2014) . A manual search of the bibliographies of relevant studies was also performed to identify any additional studies.
Title and abstract review was performed, followed by full-text review. Studies were included if they met the following criteria based on the PICOS design (participants, interventions, comparisons, outcomes, and study):
(1) the study examined adults and/or children presenting with clinically or radiographically identified parotid masses who subsequently underwent parotidectomy; (2) FNA was performed prior to surgery via palpation or ultrasound guidance; (3) the cytopathology results from the FNA as well as the histopathology results from the surgical specimen are both reported; (4) the study denoted true positives/negatives and false positives/negatives associated with FNA in diagnosing benign versus malignant disease; and (5) the study was a randomized or quasi-randomized controlled trial, nonrandomized prospective trial, or retrospective review.
Studies were excluded if
(1) they did not contain sufficient data to determine the number of true positives/negatives and false positives/negatives; (2) they reported on salivary gland pathology as a whole, without distinguishing between parotid and other salivary glands; and (3) they were case reports or abstracts that did not contain sufficient data.
Data Collection
Data were extracted from the included studies by 2 independent reviewers (C.C.L., A.R.J.). The main outcomes of interest were the sensitivity, specificity, and posttest probability of parotid FNA in distinguishing malignant from benign disease. To obtain this information, we collected the number of true-positive, true-negative, false-positive, and false-negative results obtained from parotid FNA, with surgical histopathology as the diagnostic gold standard. A true positive was defined as a case where an FNA diagnosis of malignancy was later confirmed on surgical histopathology. Similarly, a true negative was defined as a case where a benign FNA result was subsequently verified as benign on final surgical histopathology. A false positive was defined as an FNA diagnosis of malignancy with subsequent benign surgical histopathology, while a false negative was defined as an FNA diagnosis of benign disease with malignancy discovered after surgery. Finally, we collected data on the frequency of nondiagnostic samples, defined as insufficient cellular content in the aspirate for analysis, as well as the frequency of indeterminate results, defined as sufficient cellular content without clear determination of a benign or malignant diagnosis. Last, study design, reporting characteristics, and potential risks of bias were tracked. Specifically, we recorded whether the design of a study was prospective or retrospective, whether consecutive patients were described, whether blinding was employed, whether there was a technical description of the FNA method utilized, and whether FNAs were performed under ultrasound guidance.
Statistical Analysis
The sensitivity and specificity for parotid FNA from each study were calculated with the equations shown in Table 1 . We also calculated the diagnostic odds ratio, defined as the odds of the FNA being positive for malignancy if the patient has true malignant disease over the odds of the FNA being positive for malignancy if the patient has true benign disease. Finally, we calculated the positive and negative likelihood ratios (LRs) associated with parotid FNA.
The I 2 statistic was used to evaluate heterogeneity among the included studies. It reflects the degree of variability that is due to more than chance alone. We used the following criteria to interpret the I 2 statistic: 0%-40% indicates likely unimportant heterogeneity; 30%-60%, moderate heterogeneity; 50%-90%, significant heterogeneity; 75%-100%, considerable heterogeneity. 15 For our pooled estimates, we present the associated I 2 statistic along with its 95% confidence interval (CI).
Meta-analyses were performed to yield summary estimates of the above diagnostic characteristics of parotid FNA. This was accomplished through a random effects model with weights based on the DerSimonian and Laird method. 16 Calculations were performed in Stata 13.0 (College Station, Texas) and Microsoft Excel (Redmond, Washington). Sensitivity and specificity data were calculated according to standard formulas for dichotomously categorized outcomes. [17] [18] [19] Nondiagnostic and indeterminate results were excluded from the pooled analysis of sensitivity and specificity, as they were unable to be clearly designated as either benign or malignant and surgical histopathology results specific to these findings were often unreported. The sensitivity and specificity from the individual studies were used to construct a receiver operating characteristic curve via a hierarchical regression model. 20 Bayesian nomograms were plotted with pooled LRs to determine of posttest probability of malignancy. The presence of publication bias was assessed by performing a Deeks' funnel plot asymmetry test. P \ .05 was considered significant for the presence of bias.
Subgroup analyses were performed to explore whether certain clinical or study design variations contributed to the heterogeneity. Specifically, we performed separate analyses on prospectively designed studies, those involving consecutive series of patients, those that clearly described the FNA technique used, those that used ultrasound guidance to perform the FNAs, as well as studies that examined general patient populations without any specific clinical characteristics.
Ethics
This study involves a review of published literature with no usage of patient data; therefore, it was exempt from institutional review board and ethics committee approval.
Results
The search strategy yielded a total of 456 studies. After review of titles and abstracts, 354 studies were excluded. A manual bibliography search of relevant studies identified a further 23 studies, leaving 125 studies for full-text review. After studies were excluded that did not contain sufficient data for analysis, 70 studies remained. The search strategy is illustrated in Figure 1 .
Study Characteristics
Tables 2-5 describe the characteristics and individual results of the 70 included studies. Six studies (8%) were prospective in design; the remainder either were retrospective or did not specify. Nineteen studies (27%) used consecutive series of patients, and 36 (51%) reported the FNA technique used. Seven studies examined specific parotid lesion morphologies or pathologies, including Warthin tumors, 21-23 metastatic lesions, 24 cystic lesions, 25 carcinoma ex pleomorphic adenoma, 26 and lymphoma of the parotid gland. 27 Two studies investigated the diagnostic utility of FNA in the pediatric population 28, 29 ; 1 study examined FNAs in patients with symptoms suggestive of malignancy 30 ; and 1 study examined the FNA results of those patients who ultimately received a histologic diagnosis of malignancy. 31 Finally, 9 studies included FNAs that were performed under ultrasound guidance. 9, [32] [33] [34] [35] [36] [37] [38] [39] Considerable heterogeneity was found among studies, with an I 2 statistic of 72.4% (95% CI, 65.5%-79.3%) for sensitivity and 78.6% (95% CI, 73.6%-83.6%) for specificity. With such high heterogeneity, the pooled estimates should be interpreted with caution. Point estimates of heterogeneity remained high throughout the subgroup analyses ( Table 6 ). Two exceptions were the specificity of prospective studies, which had a heterogeneity point estimate of 0%, and the sensitivity of studies utilizing ultrasound guidance, which had a heterogeneity point estimate of 14.7%; however, the I 2 statistic associated with both had notably wide 95% CIs (0%-100% and 0%-72.7%, respectively).
Diagnostic Accuracy
The results of 6784 FNAs were reported in the 70 included studies. Among these, there were 518 nondiagnostic and 385 indeterminate results, constituting 13.3% of FNAs performed. A further 7 studies [22] [23] [24] [26] [27] [28] 31 were excluded from the numeric pooled analysis, as they contained zero values such that sensitivity or specificity could not be calculated. A meta-analysis was performed on the remaining 63 studies, which contained data describing 5647 FNAs.
The sensitivity of FNA in distinguishing malignant from benign parotid disease ranged from 0 to 1, and the specificity ranged from 0.670 to 1. The summary estimate for the sensitivity and specificity was 0.780 (95% CI, 0.740-0.820) and 0.980 (95% CI, 0.970-0.980), respectively. Figure 2 presents the forest plot of the sensitivity and specificity values from the individual studies, along with the combined estimate. The diagnostic odds ratio was 153 (95% CI, 94.7-246), while the positive LR was 34.3 (95% CI, 22.8-51.7) and the negative LR was 0.225 (95% CI, 0.184-0.275). Figure 3 shows the receiver operating characteristic curve from all included studies. The area under the curve represents the overall diagnostic accuracy of parotid FNA and was 0.960 (95% CI, 0.940-0.970). If we limited the analysis to only the prospectively conducted studies, the diagnostic accuracy increased to 0.990 (95% CI, 0.980-1.00). Table 6 reports the summary estimates from the subgroup analyses. In the prospective group of studies, the sensitivity and specificity were higher than in the general population of studies: 0.882 (95% CI, 0.509-0.982) and 0.995 (95% CI, 0.960-0.999), respectively. Accordingly, this group was also found to have higher positive and lower negative LRs (169 and 0.119) as compared with the population as a whole and as compared with the other subgroups. The group of studies that performed ultrasound-guided FNAs also had higher sensitivity (0.848; 95% CI, 0.760-0.908) and specificity (0.980; 95% CI, 0.951-0.992) versus those of the general population of studies.
Posttest Probabilities
With the LRs from the prospective group of studies, nomograms were constructed for FNA in diagnosing malignant parotid lesions ( Figure 4) . The posttest probability-or probability that an individual has a malignant lesion given a positive FNA-is dependent not only on the test characteristics (sensitivity and specificity) but also on the pretest prevalence of malignancy in the presenting population. In the setting of a prevalence of 20% (ie, low pretest probability), the posttest probability of malignancy was estimated to be 98%. This posttest probability estimate increased to 100% in the setting of an anticipated 80% prevalence of malignancy (ie, high pretest probability). With negative FNA results in the setting of a 20% pretest probability, the posttest probability of malignancy was 3%. When the pretest probability was estimated at 80%, however, the posttest probability of malignancy given a negative FNA increased to 32%.
Nondiagnostic and Indeterminate Results
Forty studies reported the frequency of nondiagnostic FNAs. The probability of obtaining a nondiagnostic FNA among these studies ranged from 0.012 to 0.402. Within the studies that reported nondiagnostic FNAs, 13 studies also reported the number of indeterminate results ( Figure 5 ). The pooled estimate of the probability of nondiagnostic samples among studies reporting both nondiagnostic samples and indeterminate results was 0.053 (95% CI, 0.030-0.075). Here again, this pooled result should be interpreted with caution, as the associated I 2 statistic was 85.2%. The remaining 27 studies reported nondiagnostic FNAs only. In this group of studies, the pooled estimate of the probability of nondiagnostic samples was 0.140 (95% CI, 0.103-0.176), with an I 2 statistic of 90.9%. Among these 27 studies, the lowest number of nondiagnostic samples was reported in those that were prospectively conducted, with a probability of 0.105 (95% CI, 0.000-0.226; I 2 = 84.5%).
Twenty-three studies reported the frequency of indeterminate results, which ranged from 0.016 to 0.810 ( Figure 6) . The pooled estimate for the probability of indeterminate results was 0.147 (95% CI, 0.106-0.188), with an I 2 statistic of 93.2%. A black square, j, indicates that the study was prospective, involved consecutive patients or blinding, or included a description of the FNA technique. A white square, h, indicates that the study was not prospective, did not involve consecutive patients or blinding, or did not include a description of the FNA technique. A bullet, , indicates that information was not reported.
Publication Bias
A Deeks' funnel plot was constructed ( Figure 7) and assessed visually for publication bias. The overall symmetrical distribution of study estimates suggests that there is no publication bias. A P value of .341 supports the visual assessment.
Risk of Bias Among Studies
The majority of studies had a retrospective or unspecified study design (91%) and involved nonconsecutive series of patients (72%; Tables 2-5). Only 1 study involved the blinding of cytopathologists and histopathologists, with participants blinded to clinical and imaging data. 40 In addition to the significant heterogeneity found in the reported sensitivity and specificity of parotid FNA, there was variability among included studies in how suspicious and malignant results were classified and accounted for in the calculations of the diagnostic test characteristics. In the 23 studies that reported indeterminate data, 5 considered indeterminate results as malignant in their calculations, 36, [41] [42] [43] [44] while 2 considered indeterminate results as benign. 45, 46 Eight studies removed indeterminate results from their calculations, 22, 27, [47] [48] [49] [50] [51] [52] and in 4 studies, it was unclear how indeterminate results were managed. 10, 32, 53, 54 Finally, 4 studies presented the raw data and did not calculate sensitivity or specificity. 25, 28, 55, 56 Our a priori definition of an indeterminate result included any that were not definitively benign or malignant or nondiagnostic, including results that were ''suspicious'' for malignancy. In studies where the number of suspicious results and their ultimate diagnoses were clearly stated, they were removed from the counts of true and false positives and negatives. In 12 studies, however, suspicious FNA findings were grouped with those that were clearly malignant, and the numbers associated with each were not explicitly reported. 21, 33, 49, [57] [58] [59] [60] [61] [62] [63] [64] [65] 
Discussion
These results suggest that FNA has higher specificity (98%; 95% CI, 97%-98%) than sensitivity (78%; 95% CI, 74%-82%) in differentiating benign from malignant parotid gland lesions, with an overall diagnostic accuracy of 96% (95% Table 3 . Study Design and Risk of Bias (Continued).
Author (Year)
Prospective CI, 94%-97%). There was significant heterogeneity found among studies (72.4% for sensitivity and 78.6% for specificity). In the prospective cohort of studies, sensitivity and specificity were found to be higher, at 88% and 100%, respectively. As prospectively designed studies represent higher-quality evidence, 88% and 100% may be better reflective of the true diagnostic characteristics of parotid FNA. An important characteristic of diagnostic tests is that they inform clinicians of the probability that an individual has a disease, conditional on a specific test result. This posttest probability depends on 2 parameters. The first is the LR, which is a function of the sensitivity and specificity of a diagnostic test. The second is the underlying prevalence of the disease in the presenting population-that is, the pretest probability, which is based on clinical characteristics seen The number of each category is shown. A bullet, , indicates that information was not reported. Studies that are not conducted on a specific disease or patient population.
in advance of the diagnostic test. For other disease processes, methods to quantify the pretest probability are based on the history and physical examination findings, 66 but to date, there is no similar quantification for parotid lesions. Regardless, the related principles apply. A high pretest probability is associated with a higher posttest probability of malignancy in both positive and negative test results. The converse is true for a lower pretest probability. Based on the current analysis, the negative LR of FNA is 0.12. Therefore, the posttest probability of malignancy in a negative FNA result is 3% in the setting of a low pretest probability (20%); however, this rises to 32% when the pretest probability is high (80%). Our analysis determined the positive LR to be 169, which is associated with a 98% to 100% posttest probability of malignancy in a positive FNA, remaining high even over a wide range of pretest probabilities (20%-80%). It is important for clinicians to be cognizant of this when interpreting the results of an FNA, relative to individual patients with specific presentations. For example, a patient presenting with an enlarging parotid mass that is associated with facial nerve paralysis will have a high pretest probability of malignancy. A negative FNA in this case would still be associated with a relatively high posttest probability of malignancy. This is in contrast to a long-standing parotid mass that is asymptomatic, in which case a negative FNA would be more predictive of truly benign disease.
Parotid FNAs can yield a number of intermediate results, and there is variability in the literature in how these intermediate results are handled. 67 In data collected through this systematic review, parotid FNA had a reported sensitivity of 0% to 100% and specificity of 67% to 100%. In part, this range can be attributed to the variability among studies in classifying suspicious and indeterminate results. Of the 23 studies that reported indeterminate results, only 15 indicated how these results were classified in the analysis. Five studies classified indeterminate results as malignant, 2 as benign, and 8 studies removed the indeterminate results from the analysis. This variability in intermediate result assignment can significantly alter the estimated sensitivity and specificity of the test. In our analysis, intermediate results were removed to describe the characteristics of parotid FNA in the setting of clearly defined malignant or benign results. However, 12 studies included suspicious results in the malignant category without explicitly stating how many underwent this classification. 21, 33, 49, [57] [58] [59] [60] [61] [62] [63] [64] [65] As such, the sensitivity and specificity calculations from these studies may include suspicious results that would have otherwise been excluded. This again highlights the variability in interpretation of indeterminate FNA results in the literature.
The underlying reason for the variability in the handling of intermediate results is that there is no universal classification system for the cytologic evaluation and reporting of parotid gland lesions. This is in contrast to, for example, the Bethesda system for reporting thyroid cytopathology. 68 Similar to those of the parotid gland, FNAs of the thyroid have been associated with variability in the reporting of intermediate results. 69 The Bethesda classification system was established as a solution for this variability, as it clearly defines intermediate cytology findings and reports the risk of malignancy associated with each intermediate category. The French-American-British 70 and World Health Organization 71 classification systems for hematologic malignancies also offer standard methods for the analysis, reporting, and interpretation of bone marrow aspirates across nonbinary diagnostic categories. In our analysis, individual studies were noted to vary in how indeterminate results were classified. Some studies classified these results as benign, while others classified them as malignant. This inconsistency creates difficulties in interpretation of the data. Furthermore, the lack of agreement on the clinical significance of an indeterminate result impedes proper patient counseling regarding treatment and prognosis. The creation of a classification scheme for parotid gland cytopathology that is analogous to the Bethesda system for thyroid lesions would circumvent the issue of arbitrary classification of intermediate FNA results. A united effort is needed to standardize parotid FNA findings, as this would lead to improved patient care and less heterogeneity in future research, and a multicenter team has undertaken this work (personal communication, Dr Christopher Fundakowski, February 13, 2015).
USCBs have been studied as an alternative method of obtaining tissue diagnoses from parotid gland tumors. A core needle biopsy obtains more tissue than that of an FNA, thereby improving its yield for histopathology. In a recent meta-analysis examining the diagnostic yield of USCB in salivary gland tumors, the sensitivity was found to be 96% (95% CI, 87%-99%) with a specificity of 100% (95% CI, 84%-100%). 72 The disadvantage of USCB is that its performance may require local anesthesia and be associated with a higher incidence of hematoma and facial nerve injury. The rate of hematoma formation and temporary facial nerve weakness following USCB has been reported to be 1.6% and 0.2%, respectively. 72 Our analysis suggests that standard FNA has a lower sensitivity versus that of USCB; however, the specificity of the 2 techniques is comparable. The subgroup analysis of studies that performed ultrasoundguided FNAs showed a sensitivity of 85% (95% CI, 76%-91%) and a specificity of 98% (95% CI, 95%-99%). The complication rates associated with FNA appear to be lower in general. In our analysis, 16 studies reported complication data for 1880 patients. * There were 2 cases of hematomas (0.1%), 3 cases of local infection/inflammation (0.16%), 2 cases of pain (0.1%), and no cases of facial nerve injury.
We performed a primary and secondary analysis to investigate the frequency of nondiagnostic aspirates among the included studies. Our primary analysis examined studies that reported nondiagnostic and indeterminate results. In this cohort of studies, the probability of obtaining a nondiagnostic sample was 5.3%. Our secondary analysis examined studies that reported only nondiagnostic samples, and in this group, the probability of obtaining a nondiagnostic sample was 14%. A potential explanation for this difference is that studies that reported only nondiagnostic samples may have included indeterminate results in the nondiagnostic category, thereby overestimating the frequency of nondiagnostic samples. Once again, this highlights the varied nature with which results from parotid FNAs are reported, which contributes to the heterogeneity among studies.
Other sources of heterogeneity are likely both methodological and clinical. First, the FNA technique varied from study to study, including different needle gauges, number of passes, and utilization of ultrasound guidance. These differences in FNA technique may affect sensitivity and specificity, as well as the probability of obtaining nondiagnostic samples and indeterminate results. There may also be clinical variability contributing to the heterogeneity. Among the included studies, the overall prevalence of malignancy ranged from 3.4% to 67%. This may reflect differences in presenting patient populations, as associated with the volume and expertise of the reporting surgical center. Studies conducted at larger or primarily academic centers may involve patients of greater clinical complexity, who may have had previous diagnostic failures at peripheral centers. The varying presence of diagnostically challenging patients among studies may also contribute to the heterogeneity of reported test characteristics. Another limitation of our study is that we included only studies written in the English language. Relevant studies published in other language may thus have been missed.
Conclusion
FNA of the parotid gland has moderate sensitivity and high specificity in differentiating malignant from benign disease. Given the high positive LR, a positive FNA can predict the presence of malignancy with 98% to 100% accuracy, depending on the prevalence of malignancy. However, patients with a negative FNA may still have a tangible posttest probability of malignancy, particularly if the underlying prevalence of disease is high. Physicians should therefore take the pretest probability of malignancy in their patient populations into account when interpreting parotid FNA results. Significant heterogeneity was found among the included studies, particularly in terms of the classification and reporting of intermediate results. An effort to standardize the classification of parotid FNA findings would improve the consistency with which surgeons interpret and approach intermediate results.
